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ABSTRACT 
Understanding deep-sea sediment transportation and deposition regimes is a key to 
accurately evaluate paleoceanographic implications recorded by pelagic sediments. However, 
investigating the movement of deep-sea pelagic sediments over time has been a challenging task 
due to the complexity of sediment redistribution processes, which often requires the combination 
of multidisciplinary methods. To comprehensively characterize the three dimensionality and 
temporal evolution of pelagic sediment redistribution, we conduct the first integration of 
multichannel seismic reflection data in the Pacific Equatorial Age Transect 7 and 8 surveys, with 
downhole geophysical logging data from two Integrated Ocean Drilling Program Sites, U1337 
and U1338 as well as 230Th flux measurements. Our seismic analysis at Site U1337 (PEAT 7) 
and Site U1338 (PEAT 8) areas show that distinct degrees of sediment focusing are occurring at 
the two sites, indicating that each site is experiencing different sediment redistribution processes 
(i.e., basin fill vs pelagic drape). In these sites, sediment focusing (i.e., infilling of basins due to 
lateral syndepositional sediment redistribution) is observed to be primarily a result of 
differences in sediment supply and the interaction between seafloor topography and deep-sea 
currents. To verify and test the temporal resolution at which seismic data can characterize lateral 
sediment redistribution, we compared our focusing factor results against 230Th-derived focusing 
factors specifically at PEAT 7 area. Our comparison of focusing factors demonstrated that both 
methods yield accurate sediment flux estimates that are directly supported by the observed 
pelagic environment, in this part of the equatorial Pacific. The results from our integrative 
approach further prove that pelagic environments are far from “quiescent”, confirming that we 
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successfully demonstrate the complex and dynamic nature of deep-sea pelagic sedimentation and 
sediment redistribution that occurs at distinct regional and temporal scales. 
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NOMENCLATURE 
CaCO3 calcium carbonate 
CDP common depth point 
DBD dry bulk density  
g/cm3 grams/centimeters3
g/cm2/kyr grams/centimeters2/thousand years 
GRA gamma ray attenuation 
Hz hertz  
IODP Integrated Ocean Drilling Program 
km kilometers 
kyr thousand years 
LSR linear sedimentation rate 
Ma million years 
ms milliseconds 
m/s meters/second 
MAR mass accumulation rate 
PEAT Pacific Equatorial Age Transect  
s seconds 
TVDSS true vertical depth subsea 
TWTT two-way travel time 
VSP vertical seismic profile 
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1. INTRODUCTION
The eastern equatorial Pacific seafloor contains critical information to understand past 
climate changes driven by atmosphere-ocean interaction due to the richly preserved sediment 
section on young-age lithosphere proximal to a primary equatorial productivity zone (Berger, 
1973; Van Andel et al., 1975; Farrell et al., 1995). The enhanced productivity in the region yields 
the perfect conditions for high sedimentation rates, making it possible to reconstruct important 
climate events, particularly during the Cenozoic and Late Mesozoic glacial-interglacial periods 
(Mayer et al., 1986; Zachos et al., 2001). Traditionally, marine science studies that rely on core 
samples from these sedimentary basins have assumed minimal distortion of the sedimentary record 
(i.e., sediment accumulation has not been altered due to sediment redistribution) (Peterson et al., 
2000). However, a series of evidences has indicated that this is not always the case (Higgins et al., 
1999; Chase et al., 2003; Kienast et al., 2007) because the acquired sedimentary record can be 
blurred or distorted during the evolution of lithosphere from ridges to subduction zones due to 
diagenesis (Sayles, 1981) and various sedimentation processes (Roberts et al., 1974; McCave et 
al., 1984). To date, much remains to be learned about how sediment transportation processes affect 
the extraction of information from core samples, including paleoceanographic signals. 
The sediment accumulated with high pelagic sedimentation rates in the eastern equatorial 
Pacific seafloor provides an optimal location to investigate sediment transportation regimes, 
particularly to quantify the amount of post and syndepositional sediment movement in the region. 
(Suman & Bacon, 1989; Francois et al., 2001; Marcantonio et al., 2001; Lyle et al., 2005). 
However, interpreting the origin of “sediment focusing” (i.e., lateral syndepositional transportation 
of sediments or preferential basin infilling) has been in debate over years due mainly to the two 
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different approaches in estimating sediment flux, i.e., the mass accumulation rate (MAR) based on 
core-log-seismic integration (De Master, 1981; Lyle et al.,1988; Lyle et al., 2005) and the 230Th-
normalized MAR method (Francois et al., 2004; Kienast et al., 2007; Bourne et al., 2012). The 
230Th-normalized MAR (i.e., 230Th-derived sediment focusing) method has proposed significant 
sediment redistribution has occurred in the equatorial Pacific (Francois et al., 2004; Kienast et al., 
2007). On the contrary, advocates of the MAR method suggest the reported 230Th-derived sediment 
focusing estimates are not supported by geologic observations (Lyle et al., 2005; Lyle et al., 2007). 
Due to the scarcity of available in situ data and the complexity of deep-sea pelagic 
sedimentary processes, it is critical to integrate interdisciplinary methods to better characterize and 
accurately quantify sediment transportation. Recent studies have proposed the correlation of MAR, 
230Th-normalized MAR, and seismic stratigraphy. (Marcantonio et al., 2014; Liao & Lyle, 2014). 
These studies demonstrated that spatial data, such as the seismic record, can provide a better 
understanding of the regional geologic setting hosting the measured MARs and sediment 
redistribution (e.g., Tominaga et al., 2011; Dubois & Mitchell, 2012). However, despite of these 
efforts, three dimensionality of the deep-sea seafloor and sediment focusing processes still leaves 
room to improve our understanding of the temporal and spatial scales of sediment redistribution. 
In this study, we investigate the transportation of pelagic sediments and its effects on 
recorded MARs in the eastern equatorial Pacific in a quasi-3D manner. We have integrated 230Th 
sediment flux measurements and wireline logging data with Integrated Ocean Drilling Program 
(IODP) Pacific Equatorial Age Transect (PEAT) seismic reflection surveys to decipher short and 
long term deep-sea pelagic sedimentary processes geologically and geophysically. 
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2. BACKGROUND
2.1 Eastern Equatorial Pacific Ocean Crust 
Oceanic crust in the eastern equatorial Pacific, ages of which range from 0 to 53 Ma, is 
created at the fast spreading East Pacific Rise (Engebretson et al., 1984). The seafloor depths 
increase from 2.8 km to greater than 4.5 km as crustal age increases. The topography of the region 
is characterized by the fast-spreading abyssal plain with a series of abyssal hills, created as a 
product of volcanic and off-axis faulting processes (Lonsdale, 1977; Goff, 1991). Rough basement 
found in the equatorial Pacific is a product of asymmetrical abyssal hills that are characterized by 
an inward facing fault-controlled scarp and an outward-facing slope that is created by episodes of 
dip-slip faulting and lava flow burial (i.e., horsts bounded by inward dipping normal faults and 
outward dipping volcanic growth faults) (Macdonald, 1996). In addition, localized seamounts as 
well as a major transform fault zone (e.g., Clipperton Fracture Zone) are also found in the region 
(Figure 1). 
2.2 Eastern Equatorial Pacific Ocean Sediments 
The equatorial divergence zone, where enhanced upwelling and primary productivity is 
located, produces the thickest sediment blanket mainly composed of biogenic carbonates and 
silica. As a result, the eastern equatorial Pacific seafloor has accumulated hundreds of meters (i.e., 
100 to 800 m) of these pelagic sediments that range in age from 0 to 53 Ma (Lyle and Baldauf, 
2015). The high sedimentation rates in the equatorial Pacific allow us to analyze the sedimentary 
record in core samples and seismic imagery. It is well known, that distinct seismic reflectors in the 
sedimentary record are associated with changes in acoustic impedance, which is attributed to 
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variations in the density of sediments (i.e., carbonate content in pelagic sediments) (Mayer, 1980; 
Mayer et al., 1985). In the equatorial Pacific region, the distinct variations in carbonate content 
observed in sediment core have been tied to the seismic record, and allowed the correlation of 
paleoceanographic events over hundreds of kilometers (Mayer et al., 1985; Bloomer & Mayer, 
1997; Lyle et al., 2002b; Tominaga et al., 2011). These include, the “Middle Miocene Climate 
Optimum” (Woodruff & Savin, 1991), the early and late “Carbonate Crash” (Farrell et al., 1995), 
and the “Biogenic Bloom” (Lyle et al., 1995) intervals, which emerge as strong acoustic reflectors 
in the modern reflection seismic records.  
Figure 1. Regional map of study area, the pink and purple stars highlight the location of the PEAT 7 and PEAT 8 site 
surveys and corresponding drill Sites U1337 and U1338 (other drill Sites are highlighted with a red circle). The 
underlying bathymetry map is obtained from Global Multi-resolution Topography model (Marine Geoscience Data 
System (Ryan et al., 2009)). Colored contour lines indicate the approximate sediment thickness based on Mitchell et 
al. (2003). 
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2.3 Eastern Equatorial Pacific Drilling Results 
Over the past three decades, several scientific ocean drilling and sampling expeditions have 
been designed to obtain key insights of sedimentation patterns and their correlation to distinct 
historical climate periods in the equatorial Pacific. Deep-sea Drilling Project (DSDP) Leg 85 
provided the data for a comprehensive study that utilized stratigraphic analysis from Site 574 to 
correlate sediment sections with seismic reflection profiles (Mayer et al., 1985, 1986) (Figure 1). 
The study provided the first detailed seismic stratigraphy of the Neogene interval, identifying 
seven seismic horizons, P-G, lM-M, lM-B, lM-P, mM-R, eM-L, and eM-Y from youngest to oldest 
(Mayer et al., 1985, 1986). Scientific drilling expeditions that followed were Ocean Drilling 
Project (ODP) Legs 138 and 199 (Mayer et al., 1992; Lyle et al., 2002a), and these expeditions 
collected an extensive set of physical property measurements, biostratigraphy, and 
magnetostratigraphy age data from in situ core analysis in the Paleocene/Eocene to recent 
intervals. This drilling data has been used to date distinctive sedimentary packages, which have 
been correlated with seismic horizons of spatial scales greater than 1500 km (Mayer et al., 1985; 
Bloomer et al., 1995; Lyle et al., 2002b).  
More recently, IODP Expedition 320/321 completed the Cenozoic (0-53 Ma) sedimentary 
record of the equatorial Pacific, providing detailed data necessary to further investigate the source 
of equatorial climate change (Pälike et al., 2010). In addition, the drill Sites U1331-U1338 
provided ground truth to the seismic reflection surveys PEAT 1-PEAT 8 acquired during the 
AMAT-03 cruise (Figure 1). The sites are located perpendicular to the equatorial high productivity 
zone, with the oldest Site U1331 (53Ma) located farther south and the youngest Site U1338 (18Ma) 
closest to the high productivity zone. Based on a previous study by Tominaga et al. (2011), PEAT 
7 and PEAT 8 survey sites (closets to the high productivity zone) of Miocene-Holocene age, 
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capture a depositional regime with relatively high sedimentation rates ≥ 2.0 cm/kyr, and will be 
the focus of this study.  
2.4 Modes of Deep-sea Pelagic Sedimentology 
In the deep-sea of the equatorial Pacific, the majority of sediment supply is a product of 
slow settling particles (~≤5 cm/kyr) composed of biogenic remains (Lyle, 1992). In contrast, to 
the active Pacific continental margin where constant river discharge produces sedimentation rates 
that are about two orders of magnitude higher (Griggs & Kulm, 1970). Pelagic basins in the deep-
sea, have little to no influence from complex terreginous processes, making them a target for 
paleoceanographic studies, where we usually assume sediment is deposited through pelagic drape 
processes and redistribution is insignificant. However, even in a deep-sea pelagic setting, sediment 
can be affected by post and syndepositional sediment redistribution processes causing preferential 
infilling of basins  
In these settings, postdepositional redistribution, describes transportation of sediment due 
to erosion and redeposition that occurs some time after initial deposition. Syndepositional 
redistribution is used to define, the resuspension and lateral transport of sediment particles, that 
occurs simultaneously or quickly after deposition. Some modes of syndepositional redistribution 
include, internal waves and the interaction between topographic features and bottom currents 
(Lister, 1976; St. Laurent & Garrett, 2002). In contrast to postdepositional redistribution, 
syndepositional redistribution is more difficult to observe because stratigraphy appears 
undisturbed. Thus, in order to avoid biased measurements, it becomes critical to carefully analyze 
the regional geologic setting of a sample, to access if redistribution process such as, sediment 
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focusing (i.e., later syndepositional sediment redistribution) have taken place (Loubre et al., 2004; 
Francois et al., 2004). 
2.5 Characterizing Sediment Deposition and Transportation Regimes in Pelagic Seafloor 
Traditionally, regional sedimentation and transportation patterns in the eastern equatorial 
Pacific have been characterized by mass accumulation rates (MARs). In deep-sea settings where 
pelagic sediments dominate, “MAR” is used to define the mass of dry sediment deposited in unit 
time. In addition, MARs have been used to analyze the distinct biogenic components (i.e., CaCo3 
contributing to the observed sedimentation, and decipher paleoproductivity implications (Lyle et 
al., 1988; Lyle & Baldauf, 2015). However, distinct methods such as the 230Th constant-flux 
marker (Marcantonio et al., 1996; Francois et al., 2004), and coring results tied to (Lyle et al., 
2002b) seismic reflection analysis (Tominaga et al., 2011; Liao & Lyle, 2014) have been used to 
calculate MARs.  
To date, the 230Th constant-flux marker (Bacon, 1984; Murray et al., 2000) approach allows 
the extraction of high resolution MARs at short time scales, and has the capability to corrected for 
syndepositional lateral sediment redistribution (“sediment focusing”). The correction for lateral 
sediment transport is based on the following assumptions: (1) the production of 230Th (.0267 
dpm/m3/yr) in the water column should equal 230Th deposited on the seafloor, (2) 230Th is rapidly 
scavenged by sinking particles, and (3) sinking particles do not fractionate during sedimentation 
process. Thus, if 230Th values measured in samples are higher than the expected 230Th production 
in the overlying water column, it is due to lateral sediment transportation and 230Th-derived MARs 
can be corrected accordingly using the calculated focusing factor. Due to these simplifications of 
the 230Th method, studies in the equatorial Pacific have produced over-estimation of lateral 
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sediment transportation and overall lower MAR in focused sites (Lyle et al., 2005; Kretschmer et 
al., 2010; Marcantonio et al., 2014; Lyle et al., 2014). In contrast, the combination of core and 
seismic analysis permits the calculation of age-model and seismically-derived MARs, allowing an 
understanding of long term sediment transportation processes affecting a region. However, age-
model and seismically-derived MARs are obtained at a lower resolution and have no correction 
for lateral sediment transportation.  
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3. METHODS
3.1 Data 
In this study, we used high resolution multichannel seismic reflection data and piston core 
samples collected by R/V Revelle during the AMAT03 cruise in 2004. PEAT 7 and PEAT 8 
surveys areas imaged approximately 250 km of oceanic crust that spans in age from 18 to 24 Ma, 
covering an area between 117°W-124°W and 2°N- 4°N (Figure 1). Seismic data is archived in the 
Marine Geoscience Data System UTIG portal (http://www-udc.ig.utexas.edu/sdc/), see the 
appendix Table A-1 for acquisition parameters and processing sequence. For the length of the 
survey, seafloor bathymetry data was acquired utilizing high-resolution shallow penetration 
Simrad EM120 shipboard multibeam echosounder. Bathymetry data was processed with MB-
System software and gridded with Generic Mapping Tools V5.2.1 (GMT) software.  
We used downhole wire-log and core data from IODP Sites U1337 and U1338 from IODP 
Expedition 320/321 in 2009. The PEAT 7 survey area intersects Site U1337 drilled to a depth of 
450 m (3°50.009′N, 123°12.352′W; 4463 m water depth) and piston core OSU-RR0603-05PC 
(hereafter 5PC (Figure 1). The PEAT 8 survey area intersects Site U1338 drilled to a depth of 413 
m (2°30.469′N, 117°58.178′W; 4200 m water depth) (Figure 1). 
3.2 Seismic Correlation 
We interpreted distinctive regional seismic horizons on PEAT 7 and 8 seismic survey 
profiles and used them to reconstruct sedimentation patterns through time. To groundtruth our 
seismic profiles, we used physical property measurements and the biostratigraphy of the sediments 
sampled by the IODP Sites U1337 and U1338. We converted two-way travel time to depth below 
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the seafloor using the velocity profile of each site. Using the derived time to depth profiles, we 
created synthetic seismograms to tie our seismic profiles to the IODP sites (Figure 2) 
3.2.1 Time to Depth Conversion of Seismic Reflection Data 
To generate a time to depth model for Site U1337 and U1338, we first created a velocity 
profile for both sites by merging shipboard core and downhole wire-log p-wave velocity 
measurements. Shipboard core p-wave velocity measurements were used for the first 100 meters 
and the remainder of the profile was generated from p-wave downhole wire-log measurements 
(Expedition 320/321 Scientists, 2010). In order to have a downhole velocity measurement at every 
depth, a coarse velocity profile for each site was created by averaging p-wave velocities in 10 
meter intervals (Table A-2). To access the accuracy of our time to depth models, we compared our 
Site U1337 and U1338 models to their recorded vertical seismic profiles and found they matched 
well with small errors (~5m) (Expedition 320/321 Scientists, 2010) (Figure A-1).  
3.2.2 Generation of Synthetic Seismograms 
To generate a synthetic seismogram of both Sites U1337 and U1338 we input the velocity, 
density, and source signature models into OpendTect software (V6.0.5). Similar to the velocity 
profile, the density profile was created from the merged shipboard core and downhole wire-log 
density measurements (Expedition 320/321 Scientists, 2010). To improve the correlation between 
the synthetic seismograms and the seismic sections, density and velocity values typical of basalt 
(2.5 g/cm3 and 2500 m/s, respectively) were added to the profiles at the basement depth to generate 
a strong basement reflector in the synthetic seismograms. We used a Ricker wavelet as the source 
function for both synthetic seismograms. For Site U1337 and U1338 we used peak frequencies of 
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75 Hz and 70 Hz, respectively, and a sample interval of 4 ms for both sites. Similar to Mayer et al. 
(1985) and Bloomer et al. (1995), the modeling procedure used to generate the synthetic 
seismograms assumes no plane waves, no multiples, and no signal attenuation. Overall, the 
synthetic seismogram and seismic field records matched well with deviations of 6 m or less (Figure 
2). 
3.2.3 Seismic Horizon Interpretation 
We confirmed 9 major seismic horizons in the seismic profiles of our study area (seven 48-
channel seismic lines from the PEAT 7 seismic survey, and six 4-channel seismic lines from the 
PEAT 8 seismic survey), based on previous interpretations in the region by Mayer et al. 
(1985,1986) and Bloomer et al. (1995), using OpendTect Pro software. The 9 major seismic 
horizons named, in order of increasing depth are the seafloor, P-G, lM-B, lM-P, R10, mM-R, eM-
L, eM-Y and basement (hereafter seafloor, Green, Brown, Purple, R10, Red, Lavender, Yellow, 
and basement (Figures 3 and 4, Table 1). The horizons picked represent regional changes in 
acoustic impedance that can be correlated to density and carbonate content variations. 
Table 1. Comparison of horizon ages of interpreted seismic horizons in the EEP and this study 
EEP Seismic Horizons 
(Mayer et al., 1985)a
(Bloomer et al., 1995)b
Approximate age (Ma) This Study 
Approximate age (Ma)
Green (P-Ga) 3.00-3.50 3.80 
Brown (IM-Ba) 6.40-7.20 7.76 
Purple (IM-Pa) 9.10-10.10 9.63 
R10b 10.80-11.00 10.98 
Red (mM-Ra) 13.60-14.20 13.99 
Lavender (eM-La) 16.30-17.20 16.81 
Yellow (eM-Ya) 20.60-22.80 20.61 
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Figure 2. Site U1337 and U1338 wire-log velocity, density, carbonate content, and synthetic seismogram profiles. The seismic horizons picked at each site are label with approximate age. 
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Figure 3. Bathymetry survey of the PEAT 7 area (with 2D seismic survey lines shown in black and grey, black dashed lines indicate seismic lines not used in the study) and 2D seismic lines 10 and 4 (from the PEAT 7 seismic survey) that intersect IODP Site 
U1337 (highlighted by a white line) are shown. The seismic horizons picked on each seismic line are label with an approximate age.  
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Figure 4. Bathymetry survey of the PEAT 8 area (with 2D seismic survey lines shown in black and grey) and 2D seismic lines 4 and 1 (from the PEAT 8 seismic survey) that intersect IODP Site U1338 (highlighted by a purple line) are shown. The seismic 
horizons picked on each seismic line are label with an approximate age.
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3.2.4 Age Model 
In order to give ages to the interpreted seismic horizons, we used the Palike et al. (2012) 
and Lyle and Baldauf (2015) age models, based on paleomagnetic and biostratigraphic data to 
create a piecewise age depth model for Site U1337 and U1338 (Table A-3) (Expedition 320/321 
Scientists, 2010). For Site U1338 only, due to the availability of the high resolution Lyle and 
Baldauf (2015) age model, we tied it to the Palike et al. (2012) age model at 2.86 Ma. We correlated 
our seismic horizons, to those of Mayer et al. (1985,1986) and Bloomer et al. (1995), to analyze 
how the dated horizons in our study compared to the seismic stratigraphy of the previous studies 
(Table 1).  
3.3 Mass Accumulation Rates 
Bulk MARs were obtained by calculating the product of the linear sedimentation rate 
(LSR) between two dated horizons and the averaged dry bulk density (DBD) of the sediments (De 
Master, 1981). To estimate MARs for the PEAT 7 and PEAT 8 seismic survey profiles, we used 
our time to depth model to estimate the depth between two dated seismic horizons (i.e., resulting 
in the LSR). DBD estimates for Site U1337 and U1338 were based on the linear correlation 
between scanned gamma ray attenuation (GRA) wet bulk density and shipboard DBD pairs, results 
displayed high correlations of R2=0.978 (Site U1337) and R2=0.94 (Site U1338) (Expedition 
320/321 Scientists, 2010). In order to have DBD measurements at every depth, we created a coarse 
DBD profile for each site by averaging DBD in 10 meter intervals (Table A-4). For the interpreted 
horizons, Generic mapping tools (GMT) V5.2.1 was used to grid the interval MARs using a 
minimum curvature method (anomalous picks were removed prior to gridding) (Figures 5 and 6). 
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Figure 5. (a) Average sediment thickness and (b-e) MAR distribution maps of the PEAT 7 area from the basement to 
seafloor seismic horizons. Site U1337 is shown with a purple circle and the seismic lines from the PEAT 7 seismic 
survey used to create the maps are shown in black. 
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Figure 6. (a) Average sediment thickness and (b-e) MAR distribution maps of the PEAT 8 area from the basement to 
seafloor seismic horizons. Site U1338 is shown with a purple circle and the seismic lines from the PEAT 8 seismic 
survey used to create the maps are shown in black. 
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3.4 Seismically-Derived Focusing Factors 
In order to estimate the extend of lateral sediment redistribution on the seafloor, we used 
the gridded interval MARs to calculate seismically-derived focusing factors (ψs) . We calculated 
the ψs for the major intervals identified at both IODP sites, by finding the ratio of the seismically-
derived MAR at a site and the average regional MAR for a specific interval (Table 2 ). If the ψs is 
less than one we can infer that sediment was removed via lateral transportation, if the ψs is equal 
to one it indicates that no lateral sediment transportation occurred, and if the ψs is greater than 
one it suggests that sediment was added via lateral transportation. 
Table 2. Average site MAR, average regional MAR, and seismically-derived focusing factors for 
the PEAT 7 and PEAT 8 areas for seismic intervals between 23.09 to 0 Ma 
Interval Avg. Site MAR 
(g/cm2/kyr) 
Avg. Site Survey MAR 
(g/cm2/kyr) 
Seismically-Derived 
Focusing Factor 
U1337 U1338 PEAT 7 PEAT 8 U1337 U1338 
Green-Seafloor (3.80-0 Ma) 0.46 0.55 0.36 0.63 1.28 0.87 
Brown-Green (7.76-3.80 Ma) 0.82 1.43 0.61 1.34 1.34 1.07 
Purple-Brown (9.63-7.76 Ma) 0.86 1.98 0.71 1.87 1.21 1.06 
R10-Purple (10.98-9.63 Ma) 0.91 1.22 0.55 1.59 1.65 0.76 
Red-R10 (13.99-10.98 Ma) 2.59 3.19 2.00 2.92 1.30 1.09 
Lavender-Red (16.81-13.99 Ma) 1.23 1.17 0.98 0.91 1.26 1.29 
BasementPeat 8-Lavender (18-16.81Ma) 3.76 3.08 1.22 
Yellow-Lavender (20.61-16.81 Ma) 1.95 1.23 1.59 
BasementPeat 7-Yellow (23.09-20.61Ma) 2.47 1.87 1.32 
3.5 Piston Core Chronology 
To investigate 230Th-derived MARs and focusing factors in the PEAT 7 area we used a 
total of 12 samples from piston core 5PC, retrieved from Oregon State University Marine and 
Geology Repository (Figure 3 and Table 3). The age model for piston core 5PC is based on the 
biostratigraphy previously published by Lyle and Baldauf (2015). GRA bulk density ties between 
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Site U1338 and the piston core were used to determine the age of our piston core samples (Figure 
A-6). We used the DBD profile of Site U1337 to estimate DBD at piston core 5PC, however due
to the low resolution of the Site U1337 DBD profile, we used a constant DBD value for piston 
core 5PC of 0.28 g/cm3 (Table 3). 
 Table 3. Estimated ages and DBD of the PEAT 7 area piston core RR0603-05PC samples. 
Sample Avg. Depth 
(cm) 
Age 
(kyr) 
DBD 
(g/cm3) 
PEAT 7 
RR0603-05PC 
5-7 cm 6 2.94 0.28 
RR0603-05PC
10-12 cm 11 5.38 0.28 
RR0603-05PC 
15-17 cm 16 7.83 0.28 
RR0603-05PC
15-17 cm 16 7.83 0.28 
RR0603-05PC
20-22 cm 21 10.28 0.28 
RR0603-05PC 
25-27 cm 26 12.72 0.28 
RR0603-05PC
30-32 cm 31 15.17 0.28 
RR0603-05PC
35-37 cm 36 17.62 0.28 
RR0603-05PC 
40-42 cm 41 20.06 0.28 
RR0603-05PC
45-47 cm 46 22.51 0.28 
RR0603-05PC
50-52 cm 51 24.96 0.28 
RR0603-05PC 
55-57 cm 56 27.40 0.28 
RR0603-05PC 
60-62 cm 61 29.85 0.28 
20 
3.6 U-Th Geochemical Measurements 
Piston core sediment samples were separated and purified using the procedures in Singh et 
al. (2011). We utilized the Elements XR magnetic sector ICP-MS at Texas A&M University, to 
quantify 230Th concentrations in the sampled sediments (Table 4). 
3.7 230Th-Derived Focusing Factors 
The 230Th-derived sediment focusing factors (𝜓𝜓23oTh), were calculated using the following 
equation from Suman and Bacon (1989), 
𝜓𝜓230𝑇𝑇ℎ =  ∫ 230Th𝑥𝑥𝑥𝑥,0 ×  𝜌𝜌𝛽𝛽230 × 𝑧𝑧 (𝑡𝑡2−𝑡𝑡1)  𝑧𝑧2𝑧𝑧1 𝑑𝑑𝑑𝑑
where t1 and t2 are the ages of the corresponding depths z1 and z2, 230Thxs,0 (i.e., scavenged 230Th 
corrected for decay), 𝜌𝜌 is dry bulk density, and 𝛽𝛽230 production rate of 230Th in the overlying water 
column (0.0267 dpm m−3 yr−1). Similar to the seismically-derived focusing factor, if the 𝜓𝜓23oTh < 
1 sediment was removed via lateral transportation, if the 𝜓𝜓23oTh = 1 no lateral sediment 
transportation occurred, and if the 𝜓𝜓23oTh > 1 sediment was added due to lateral transportation.  
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Table 4. Uranium and thorium activities in piston core RR0603-05PC samples 
Sample Uauth 
(dpmg-1) 
xs
230Th 
 (dpm) 
230Th 
( dpmg-1) 
232Th 
( dpmg-1)
xs
230Th(0) 
( dpmg-1)
238U 
( dpmg-1)
PEAT 7 
RR0603-05PC 
5-7 cm
0.04 33.50 33.29 0.31 34.20 0.26 
RR0603-05PC
10-12 cm
0.01 27.73 27.51 0.30 28.91 0.22 
RR0603-05PC
15-17 cm
0.00 26.37 26.16 0.30 28.12 0.21 
RR0603-05PC
15-17 cm
0.00 26.24 26.03 0.30 27.98 0.21 
RR0603-05PC
20-22 cm
-0.02 24.10 23.89 0.29 26.27 0.18 
RR0603-05PC
25-27 cm
-0.01 24.08 23.88 0.29 26.85 0.20 
RR0603-05PC
30-32 cm
0.02 19.74 19.57 0.24 22.51 0.18 
RR0603-05PC
35-37 cm
0.02 16.23 16.09 0.20 18.93 0.16 
RR0603-05PC
40-42 cm
0.04 13.65 13.54 0.16 16.29 0.15 
RR0603-05PC
45-47 cm
0.04 13.52 13.41 0.16 16.50 0.16 
RR0603-05PC
50-52 cm
0.05 13.30 13.19 0.16 16.60 0.16 
RR0603-05PC
55-57 cm
0.04 13.11 13.00 0.16 16.74 0.16 
RR0603-05PC
60-62 cm
0.06 13.99 13.87 0.18 18.26 
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4. RESULTS
4.1 Seismic Horizons 
We confirmed 9 major Neogene seismic horizons representative of property changes within 
sedimentary packages tractable between the two survey sites. The 9 major seismic horizons named, 
in order of increasing depth are the seafloor, Green, Brown, Purple, R10, Red, Lavender, Yellow, 
and basement (Figures 3 and 4, Table 1). The following characteristics were observed of the 
horizons interpreted at PEAT 7 and PEAT 8 areas. The basement was identified by a high 
amplitude seismic reflection with a high impedance contrast due to the sediment/basement 
boundary (as observed from retrieved core samples) (Expedition 320/321 Scientists, 2010). 
Seismic horizon Yellow corresponds to the top of an Early Miocene (20.61 Ma) low amplitude 
seismic reflector package (Figure 3). Seismic horizons Lavender, Red, and R10 are within a 
seismic reflector package of horizontally and laterally varying amplitude reflectors, corresponding 
to major carbonate content fluctuations during the Early to Middle Miocene (16.81-10.98 Ma) 
(Figures 3 and 4). Seismic horizon Purple is situated at the bottom of a Late Miocene (9.63 Ma) 
high amplitude reflector package associated with the transition from low to moderate carbonate 
content (Figures 3 and 4). Seismic horizon Brown is situated at the top of a Late Miocene (7.76 
Ma) low amplitude reflector package corresponding to a decrease in carbonate content (Figures 3 
and 4). Seismic horizon Green is situated at the boundary between a high frequency moderate 
amplitude and a low frequency low amplitude seismic reflector package that correlates with a 
major decrease in carbonate content during the Pliocene (3.80 Ma) (Figures 3 and 4)  
On the majority of PEAT 7 and PEAT 8 seismic profiles, we observed subparallel and 
continuous seismic reflectors, except in locations where reflectors are truncated and displaced due 
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to faulting (Figure 7). On the PEAT 7 area, we also identified truncated seismic reflectors within 
the seafloor to Purple seismic horizon package in areas proximal to topographic highs and chaotic 
seismic reflectors on the slope of a topographic high, which we interpreted as erosional surfaces 
and sediment slumps (Figure 7B). In addition, on the PEAT 7 area we identified u-shaped incisions 
down to the Purple seismic horizon on the otherwise parallel strata which we interpreted as 
channels (Figure 7A). However, within PEAT 7 area, we observed Site U1337 to be located in a 
region of undisturbed strata and a couple of kilometers away from the erosional features, 
nevertheless further analysis will be conducted to determine if the Site is affected by 
syndepositional redistribution. The erosional features observed, provide us with geologic evidence 
of postdepositional sediment redistribution processes occurring at the PEAT 7 area, possibly due 
to ocean bottom currents.  
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Figure 7. Seismic features observed and interpreted in the PEAT 7 (a-b) and PEAT 8 (c-d) seismic survey profiles. 
Black squares on the left column show the location of the close-ups (shown in the middle column) and the right column 
shows our seismic interpretation drawings. 
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4.2 Underlying Topography 
We used the basement seismic horizon to characterize the local basement topography at 
the PEAT 7 and PEAT 8 areas. The PEAT 7 area (40 × 20 km) displayed much rougher underlying 
topography (Figures 3 and 8A), in contrast, to the relatively smooth underlying topography (i.e., 
no irregular features such as abyssal hills and large faults) observed in the PEAT 8 area (29 × 21 
km) (Figures 4 and 8B). Based on our observations, Site U1337 is located in an elongated basin 
(west-east) on the southwestern corner of the PEAT 7 area surrounded by topographic highs 
(Figures 3 and 8A). Site U1338 is observed to be located on a basin on the southern portion of the 
PEAT 8 area bounded to the north by a series of subtle topographic highs (Figures 4 and 8B). In 
PEAT 7, the most proximal topographic high to the Site U1337 basin reaches an estimated height 
of 650 m, 193 m higher than the Site U1337 basin whereas in PEAT 8 the most proximal 
topographic high to the Site U1338 basin is only 67 m higher (Figure 8). 
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Figure 8. Three-dimensional models of the underlying topography at the PEAT 7 and PEAT 8 areas (created using 
the basement seismic reflector from each area) overlaid by an average MAR distribution map of each area. The 
location of drill Sites U1337 and U1337 are shown by a white circle.  
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4.3 Regional and Site Seismically-Derived Mass Accumulation Rates 
We utilized the basement and seafloor seismic horizons at each study area to derive the 
average sediment thickness and MAR. On the PEAT 7 area sediment thickness ranged from 135 
to 525 m and had an average MAR of 1.94 g/cm2/kyr (Figures 5A and 8A). However, on Site 
U1337 sediment thickness and the MAR is observed to be 40% higher than the average at the 
PEAT 7 area. Sediment thickness on the PEAT 8 area ranged from 310 to 476 m and had an 
average MAR of 1.65 cm/kyr (Figures 6A and 8B). Similar to the PEAT 8 area, Site U1338 is 
observed to have an average sediment thickness and MAR that is only 4% higher than the average 
at the PEAT 8 area. Overall, we observed a larger range in sediment thickness and MAR at the 
PEAT 7 area compared to that of PEAT 8 area, possibly due to more variations in topography. 
Within each site survey, we also observe that Site U1337 is located in a region with enhanced 
sedimentation compared to Site U1338. 
We used our gridded regional MARs for both PEAT 7 and PEAT 8 areas to analyze 
sediment accumulation trends in time and space. We observed three major changes in MARs in 
our PEAT areas that correlate with region-wide paleoceanographic events (Mayer, 1986; Bloomer; 
1995) (Figure 9). The first major change, an increase in MAR of 51 (PEAT 7) and 69% (PEAT 8), 
occurred from the Lavender-Red to the Red-R10 interval, as sites transitioned into high carbonate 
content production and diatom productivity during the early Carbonate Crash (Lyle et al., 2003; 
Lyle and Baldauf, 2015) (Figures 4 and 5, Table 2). The second change, a decrease in MAR of   
of 73 (PEAT 7) and 46% (PEAT 8) occurred from the Red-R10 to R10-Purple interval as a result 
of carbonate dissolution and short lived production intervals during the late Carbonate Crash (Lyle 
et al., 2003; Lyle & Baldauf, 2015) (Figures 4 and 5, Table 2). From the R10-Purple to Brown-
Green interval MAR remains constant as a result of pulses of high production followed by constant 
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moderate production during the biogenic bloom period (Farrell et al., 1995; Lyle & Baldauf, 2015) 
(Figures 4 and 5, Table 2). The third major change, a decrease in MAR of 35% (PEAT 7) and 51% 
(PEAT8) occurred from the Brown-Green to Green-seafloor interval as a result of low biogenic 
productivity and increased carbonate dissolution in the equatorial Pacific during the Pliocene to 
modern time (Lyle et al., 1988; Lyle & Baldauf, 2015) (Figures 4 and 5, Table 2). We observed, 
anomalously high MARs for the intervals containing the basement reflector at PEAT 7 (Basement-
Yellow) and PEAT 8 (Basement-Lavender) areas, of 1.96 and 3.16 g/cm2/kyr, respectively (Table 
2). The anomalous MARs may be caused by larger uncertainties in the age of the cored sites (i.e., 
due to a decrease in biostratigraphic markers with depth) and uncertainty in the true depth bellow 
seafloor (i.e., due to expansion of the spliced cores used), possibly producing over estimated 
MARs in these intervals.  
Site U1337 displayed MAR values higher than the regional average MARs on the PEAT 7 
area, for all the intervals mapped (Table 2). In contrast, Site U1338 displayed MAR values lower 
than the regional average MARs on the PEAT 8 area, for two of the intervals mapped (Lavender-
Red and Green-seafloor) (Table 2). For the remainder of the intervals mapped, Site U1338 
displayed MAR values slightly higher than the regional average MARs on the PEAT 8 area (Table 
2). Overall, the Sites MAR values varied from the average MAR values of the PEAT 7 and PEAT 
8 areas (Table 2).
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Figure 9. Average MAR of Site 574, PEAT 7, and PEAT 8 areas from the lavender to seafloor seismic horizons 
(16.81-0 Ma), four distinct intervals are highlighted showing regional changes in MAR. 
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4.4 Piston Core 5PC 230Th and Seismically-Derived MARs 
To decipher short term regional sediment distribution in our study location, we compared 
seismically and 230Th-derived MARs in the PEAT 7 area. In order to compare the two methods, 
we conducted a “high resolution” analysis of the PEAT 7 area by using the seafloor reflector and 
seismic reflector P-S with an age of 0.52 Ma, to calculate a MAR distribution map for the interval 
(Figure 10A). Due to limited availability of core samples from the U1337 (PEAT 7) Site, we 
measured 230Th concentrations on piston core 5PC situated within the PEAT 7 area, located 3.89 
km from Site U1337 (Table 4). To verify that piston core 5PC and Site U1337 underwent similar 
sedimentation processes we calculated seismically-derived MARs at the two locations. We found 
very similar MAR values at Site U1337 and piston core 5PC of 0.65 and 0.62 g/cm2/kyr, 
respectively, from 0.52 to 0 Ma, indicating both locations experience similar sedimentation 
processes (Figure 10A).  
For piston core 5PC, we obtained an average age model-derived MAR of 0.57 g/cm2/kyr 
from 29.85 to 2.94 kyr (Figure 10D and Table 5). Utilizing the 230Th flux proxy technique, for 
piston core 5PC samples yielded an average MAR estimate of 0.56 g/cm2/kyr from 29.85 to 2.94 
kyr (Figure 10D and Table 5). 
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Figure 10. (a) 2-D PEAT 7 area interval (seafloor-0.52 Ma) MAR and (b) focusing factor distribution maps. In both 
maps the location of Site U1337 (white) and piston core 5PC (blue) are indicated with circles. (c) Average seismically-
derived MAR for piston core 5PC for the seafloor-0.52 Ma interval (green) and average seismically-derived regional 
PEAT 7 MAR for the seafloor-0.52 Ma interval (grey). (d) Average age model-derived MAR (green) and average 
230Th-derived MAR (maroon) for piston core 5PC from 29.85 to 2.94 kyr. (e) Average seismically-derived focusing 
factor (green) and average 230Th-derived focusing factor for piston core 5PC (maroon) from 29.85 to 2.94 kyr. 
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Table 5. Piston core RR0603-05PC age-model-derived MARs, 230Th-normalized MARs, and 
230Th-derived focusing factors 
Sample Avg. Age Model-
Derived MAR  
(g/cm2/kyr) 
230Th-Derived
MAR 
(g/cm2/kyr)
232Th MAR 
(g/cm2/kyr)
230Th-Derived
Focusing Factor 
PEAT 7 
RR0603-05PC 
5-7 cm 0.57 0.35 0.44 1.63 
RR0603-05PC
10-12 cm 0.57 0.42 0.52 1.38 
RR0603-05PC 
15-17 cm 0.57 0.43 0.52 1.34 
RR0603-05PC 
15-17 cm 0.57 0.43 0.52 1.33 
RR0603-05PC
20-22 cm 0.57 0.46 0.54 1.25 
RR0603-05PC
25-27 cm 0.57 0.45 0.53 1.28 
RR0603-05PC
30-32 cm 0.57 0.53 0.51 1.07 
RR0603-05PC
35-37 cm 0.57 0.63 0.52 0.90 
RR0603-05PC
40-42 cm 0.57 0.74 0.48 0.78 
RR0603-05PC
45-47 cm 0.57 0.73 0.48 0.79 
RR0603-05PC
50-52 cm 0.57 0.72 0.48 0.79 
RR0603-05PC
55-57 cm 0.57 0.72 0.48 0.80 
RR0603-05PC
60-62 cm 0.57 0.66 0.49 0.87 
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5. DISCUSSION
To investigate past environmental conditions, paleoceanographic studies have targeted 
deep-sea pelagic basins to obtain high resolution sedimentary records. It has often been assumed 
in these studies that pelagic sediment samples have not been altered by sediment redistribution 
processes. However, a series of evidences has shown that this is not always the case because the 
sedimentary record can become biased due to sediment redistribution, such as erosion and lateral 
sediment transportation by deep ocean currents (Johnson & Johnson, 1970; Moore & Heath, 1966; 
Laguros & Shipley, 1989; Higgins et al., 1999). Despite the importance of understanding the 
processes that drive deep-sea sediment redistribution, investigations of these mechanisms to date 
have been limited to 2-D observations of the seafloor (Tominaga et al., 2011; Dubois & Mitchell, 
2012), or to relatively small temporal scales (Higgins, 2002; Francois et al., 2004). To achieve a 
more robust characterization of sediment redistribution processes, investigating the three 
dimensionality and temporal evolution of pelagic sediment redistribution is imperative.  
5.1 Assessing Deep-Sea Pelagic Sediment Redistribution Using a Quasi-Three Dimensional 
Approach 
Sedimentation processes in deep-sea pelagic environments are challenging to document 
because of their remoteness and relatively slow process compared to other sedimentary basins, e.g. 
continental margins (Lyle, 1992; cf. Griggs & Kulm, 1970). Without much influence from 
turbidity currents, except for seafloor around large seamounts in the abyssal plain, seafloor 
sedimentation in the equatorial Pacific has known to be characterized by two processes: “pelagic 
drape” and “basin fill” (Laguros & Shipley, 1989). Here we use the term pelagic drape to describe 
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the processes, in which uniform sediment accumulation occurs spatially and temporally without 
Bloomer et al. (1995)) (Figure 11 and Table 2). We observed that approximately 20-42% of the 
PEAT 7 area had high sediment focusing (i.e., focusing factors above 1.25) for all six intervals 
(Figure 11 and Table 2). In contrast, about 0-23% of the PEAT 8 area had some sediment focusing 
(i.e., focusing factors bellow 1.25) (Figure 11 and Table 2), confirming that the PEAT 7 and PEAT 
8 areas have undergone different sediment deposition and redistribution processes. We observed 
similar focusing factors in the Site U1337 (PEAT 7) and U1338 (PEAT 8) basins where the Site 
U1337 basin experienced higher focusing factors (1.21-1.65) than the U1338 basin (0.76-1.29) for 
all but the oldest interval (Lavender-Red).  
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Figure 11. Focusing factor distribution maps of the PEAT 7 (a-f) and PEAT 8 (g-l) areas for six distinct intervals from 16.61 to 0 Ma. 
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One of the factors that might influence our focusing factor estimates is the time to depth 
conversion used to obtain the thickness of individual intervals. Based on our comparison of drilled 
depths and depths derived based on our time to depth conversion we found relatively small errors 
with the highest difference between drilled depths and our calculated depths to be of about 3%. 
For example, in the Lavender-Red interval of the PEAT 7 area where we found the highest error 
of about 3% between the drilled depth and time to depth conversion derived thicknesses, our 
focusing factor estimate of 1.26 will only vary by about 0.038, demonstrating error in our focusing 
factor estimates is small (Table 2) 
In deep-sea pelagic environments, MARs, deep ocean currents, and underlying topography 
are major factors that influence sedimentation processes (i.e., basin fill vs pelagic drape) and may 
be altering sedimentation environment in the PEAT areas, promoting sediment focusing. Regional 
MARs at the PEAT 7 and PEAT 8 area showed a positive correlation between proximity to the 
equatorial productivity zone (i.e., sediment source) and the magnitude of MARs (Van Andel et al., 
1975; Ferrell et al., 1995) (Figure 12 and Table 2). The Site U1337 (PEAT 7) and U1338 (PEAT 
8) seafloor have been located within the equatorial productivity zone, but with apparent plate 
motion that entail latitudinal differences for both locations over the course of 0 to 16.81 Ma 
(Expedition 320/321 Scientists, 2010; Palike et al., 2010) (Figure 12). As a result, the PEAT 7 area 
experiences lower MARs from the R10 to seafloor interval (10.83-0 Ma) when the PEAT 7 area 
leaves the equatorial productivity zone whereas the PEAT 8 area remains within the equatorial 
productivity zone and exhibits higher MARs for all of the intervals analyzed (Expedition 320/321 
Scientists, 2010; Lyle & Baldauf, 2015) (Figure 12 and Table 2). Our results agree with the 
Mitchell (2003) model, in which sedimentation rates and MARs progressively decline away from 
the equator, due to a decrease in pelagic sediment supply. In addition, we observe that the degree 
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of sediment focusing and the magnitude of MARs at the PEAT areas has an inverse relationship. 
For example, the PEAT 7 area, with lower MARs, experienced higher focusing factors for all the 
intervals observed (Figures 11 and 12, Table 2). In contrast, the PEAT 8 area, with higher MARs, 
displayed insignificant focusing factors (Figures 11 and 12, Table 2). It is possible to explain that 
the relatively low sediment supply in the PEAT 7 area was insufficient to cover all the underlying 
topography evenly, as a result basin fill processes dominated whereas in the PEAT 8 area the 
increased sediment supply quickly buried the underlying topography in a blanket of equal 
thickness, producing little to no sediment focusing and possibly influencing pelagic drape 
processes. The correlation of the degree of sediment focusing and the magnitude of MARs at our 
study areas suggests that differences in MARs may play an important role in the sedimentation 
and redistribution processes that occur at pelagic basins. 
Supporting our observations in the PEAT 7 area, substantial evidence of sediment 
redistribution due to deep ocean bottom currents has been reported in the equatorial Pacific 
(Johnson & Johnson, 1970; Thiede, 1981; Mayer et al., 1985; Laguros & Shipley, 1989; Dubois 
& Mitchell, 2012), providing important insights into the complexity of sedimentation and 
redistribution processes that can be hosted in deep sea pelagic systems. In our PEAT 7 study area, 
the appearance of erosional features on the high resolution seismic imagery suggest deep ocean 
currents may also induce localized sediment redistribution (i.e., sediment focusing) at the Site 
U1337 basin whereas the absence of erosional features on the PEAT 8 seismic data suggest deep 
ocean currents are not a major factor of sediment redistribution at the Site U1338 basin. For 
example, on the PEAT 7 area we observed the presence of sediment slumps on the slope of a hill 
diagonal to the Site U1337 basin reworking sediments from the Basement to R10 seismic horizons 
(23.09 to 10.83 Ma) (Figures 3 and 7B). In addition, we also observe more recent erosional features 
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such as channels and erosional surfaces that are incising and eroding sediments from the Purple to 
seafloor seismic horizons (9.63-0 Ma) (Figures 3 and 7A). The above mentioned erosional features 
provide geologic evidence of possible increased abyssal tidal flow in the vicinity of the PEAT 7 
area. This abyssal tidal flow, may facilitate small scale vertical shear and as a result induce erosion 
and lateral sediment redistribution (i.e., basin fill). In contrast to the high erosional activity 
observed at the PEAT 7 area we observe no signs of major erosional features at the PEAT 8 area, 
suggesting that the Site U1338 basin is located in a more quiescent deep sea environment (Figures 
4 and 7C). Altogether, we confirm that the interaction between the topography of PEAT 7 area 
and abyssal tidal flow are the major influences for lateral syndepositional sediment transport, 
enhancing sediment focusing. 
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Figure 12. 2D-perspective bathymetry map showing the paleo positions of the PEAT 7(blue) and PEAT 8 (red) areas from 0 to 23.09 Ma and corresponding average MAR experienced (during their transect away from the East Pacific Rise as the Pacific plate 
moved northwest). The maximum MAR window is shown with a green arrow. 
40 
Fast-spreading seafloor in the modern eastern Pacific nominally exhibits smooth seafloor 
topography; yet, at the scale of our study areas, one can observe the influences from mid-ocean 
ridge processes, including off-axis seamounts (e.g., Soule et al.,2005; White et al., 2006) and 
abyssal hills and basins (Geoff, 1991) that inevitably become boundary conditions for the lateral 
movement of any particles that have settled (e.g., St. Laurent & Garrett, 2002). In order to evaluate 
the effects underlying topography may have on sediment accumulation and redistribution, we 
analyzed the temporal and spatial evolution of seafloor topography over the pre-existing basement 
structure and sediment focusing at the Sites U1337 and U1338 areas (Figure 13). If the underlying 
topography causes basin fill process (i.e., preferential infilling of basins), we would expect high 
focusing factors near topographic lows and low focusing factors near topographic highs. 
Conversely, if pelagic drape (i.e., equal sediment accumulation occurs regardless of underlying 
topography) is the main sedimentation processes, we would expect to see no relationship between 
the topography and focusing factors.  
We propose two distinct sedimentation processes and associated topographic evolution 
models for each of the Site U1337 and U1338 basins. For the Site U1337 basin with an area of 
12.5 km2, the pre-existing surrounding topography included a topographic high located northwest 
of the basin (Figure 3). The first stage of the topographic evolution of Site U1337 basin was 
captured during the Lavender-Red interval and was comprised by relatively low MARs (Figure 
13A and Table 2). During this stage, a focusing factor of 1.26 at Site U1337, indicates that 
sediment was resuspended and preferentially deposited in basins, resulting in a thick sediment 
blanket over the basins and thin sediment cover over topographic highs in the PEAT 7 area (Figure 
13A and Table 2). The second stage occurred during the Red-R10 to Brown-Green intervals and 
was characterized by periods of relatively lower MARs (i.e., compared to Site U1338). In this 
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stage, we observed enhanced sediment focusing (i.e., focusing factors >1.25) located preferentially 
around the Site U1337 basin, suggesting that the topographic high located northwest of the Site 
U1337 might have enhanced lateral sediment transport towards the Site U1337 basin, resulting in 
thicker sediment cover (Figure 13A and Table 2). The third stage occurred during the Green-
seafloor interval and was characterized by the lowest MARs observed in the PEAT areas. In this 
final stage, we observed wide-spread enhanced sediment focusing (i.e., focusing factors >1.25), 
possibly due to region wide sediment erosion of topographic highs and sediment redeposition at 
topographic lows such as the Site U1337 basin (Figure 13A and Table 2).  
The Site U1338 basin with an area of 18.5 km2 is located between two small elongated 
ridges with a north to south trend surrounded by otherwise relatively flat seafloor. The first stage 
of sedimentation history was captured during the Lavender-Red interval and was also comprised 
of a period with relatively low MARs. In this stage we observed focusing factor of 1.29 at Site 
U1338, indicating that lateral sediment redistribution occurred from topographic highs to lows, 
resulting in preferential infilling of the Site U1338 basin (Figure 13B and Table 2). The second 
stage occurred from the Red-R10 to the Green-seafloor interval and was characterized by periods 
of relatively higher MARs for the Site U1338. During this stage we observed insignificant 
sediment focusing (i.e., focusing factors < 1.09) across the PEAT 8 area, indicating that sediment 
covered the topography of PEAT 8 and the Site U1338 basin with relatively equal thickness 
(Figure 13B and Table 2).  
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Figure 13. Sedimentation and associated topographic evolution models of the (a) Site U1337 and (b) Site U1338 
basins. The PEAT 7 stage 1 occurs during the Lavender-Red interval from16.81 to 13.99 Ma, stage two occurs during 
the Red-R10 to Brown-Green intervals from 13.99 to 3.80 Ma, and stage three occurs during the Green-seafloor 
interval from 3.80 to 0 Ma. The PEAT 8 stage one occurs during the Lavender-Red interval from 16.81 to 13.99 Ma 
and stage two occurred during the Red-R10 to Green-seafloor intervals from 13.99 to 0 Ma.  
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Our assessment of the Site U1337 (PEAT 7) area seismic record confirmed that there is a 
correlation between the locations where we observe high focusing factors and where topographic 
lows reside for all time intervals assessed, suggesting that highly variable topography can promote 
basin fill processes. This can be driven by erosion by deep sea current and possible gravitational 
resuspension, flow, and eventual redeposition inducing focusing (Lister, 1976; St. Laurent and 
Garrett, 2002). In contrast, on the Site U1338 (PEAT 8) area, only the first stage, characterized by 
one interval (Red-Lavender interval), displays a correlation between underlying topography and 
focusing factors. For the PEAT 8 area, the first stage occurred within the early years of the ocean 
crust formation. At this stage, underlying topography is not evenly covered by sediment, possibly 
indicating that (1) the PEAT 8 area underwent a phase dominated by basin fill processes before 
transitioning into the current phase in which pelagic drape sedimentation processes are dominant; 
and (2) a given location of the seafloor can experience different sediment accumulation and 
redistribution processes (i.e., pelagic drape and basin fill) during distinct time intervals.  
A combination of factors, such as MARs (i.e., sediment supply), deep-ocean current 
activities, and underlying topography may alter the mode of sediment deposition and promote 
sediment transport. We propose that the sedimentary record obtain from U1337 may be biased due 
to basin fill processes whereas pelagic drape processes dominated at the Site U1338 basin 
producing a more or less intact sedimentary record at Site U1338. Based on these observations, 
we argue that, to optimally understand the extent of sediment redistribution at a given local of the 
seafloor, one’s assumption that the mode of sediment redistribution processes remains the same 
(i.e., pelagic drape vs basin fill) over time is not warranted as it can change spatially and 
temporally. 
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5.2 Confirming Sediment Redistribution observed using 230Th analyses 
The 230Th technique was one of the first, quantitative methods of determining lateral 
sediment redistribution for Quaternary (2.6-0 Ma) sediments at local scales (Bacon, 1984; Francois 
et al., 2004). However, since some of the largest 230Th-derived focusing factors were discovered 
in the Panama Basin, supporters of the conventional MAR model derived by core-seismic 
integration technique have questioned the accuracy of the 230Th technique, in what is known as the 
“sediment focusing debate” of the equatorial Pacific (Marcantonio et al., 1996; Francois et al., 
2004; Lyle et al., 2005; Francois et al., 2007; Lyle et al., 2007). The debate primarily disputed the 
ability of the 230Th-normalized MAR technique to estimate lateral sediment redistribution, due to 
simplifications of the method and the lack of geologic evidence (i.e., seismic data and age-model-
derived MARs) presented to support the extreme focusing factors (Lyle et al., 2005; Lyle et al., 
2007). Recent advancements in the 230Th proxy technique (i.e., correction for grain size effects) 
have improved the accuracy of 230Th-derived MAR estimates and focusing factors (Kretschmer et 
al., 2010; Lovely et al., 2017); nevertheless, to date, it has not been attempted to correlate 230Th-
derived focusing factor estimates with data that is representative of the regional and temporal 
sedimentation and redistribution processes. Using our seismically-derived focusing factors, 
quantified from a quasi three-dimensional seismic volume, we provide the first comprehensive 
comparison of lateral sediment redistribution. 
To further verify sediment focusing in the PEAT 7 area and understand the temporal 
resolution at which seismic data can characterize lateral sediment redistribution, we compared our 
focusing factor results against 230Th-derived focusing factors, within the Pleistocene to Holocene 
(0.52-0 Ma) sediments. Based on 230Th measurements from 5PC Holocene piston core samples 
and seismic interpretations, we observed an average ψ230Th and seismically-derived focusing 
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factors of 1.09 and 1.25, respectively (Figure 10). Overall for 5PC (PEAT 7), we found the average 
ψ230Th and seismically-derived focusing factor to be relatively similar with a difference of 11%. 
The minimal discrepancies found between the two methods are possibly due to the 
difference in the vertical and temporal scales of MAR observations (i.e., centimeters vs meters and 
thousand vs millions of years). In addition, the accuracy of the age models used could cause 
variations in the calculated MARs. However, by assuming constant sedimentation rates and dry 
bulk density, we aim to decrease the variables that could alter our MAR averages, and focusing 
factor estimations.  
Our results further confirm that the seismic record is a powerful tool to understand regional 
patterns in sediment accumulation and redistribution whereas the 230Th method provides better 
understanding of sediment redistribution for Pleistocene to Holocene sediments at very short time 
scales (i.e., kyr). One needs to be cautious, however, that each method provides insights of 
sedimentation processes occurring at different time scales. Based on the resolution of interest (i.e., 
time interval) either seismically-derived focusing factors and/or 230Th-derived focusing factors can 
be used to accesses sediment redistribution processes.  
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6. CONCLUSIONS
We have integrated 230Th flux proxy, wire-log, and seismic data from the PEAT 7 and 
PEAT 8 areas to promote our understanding of sedimentation patterns in the equatorial Pacific 
from a survey-wide (i.e., kilometer) to site (i.e., centimeter) scale. Results from the PEAT 7 (Site 
U1337) and PEAT 8 (Site U1338) clearly indicate that deep-sea pelagic environments are not as 
simple as they have been thought to be (i.e., pelagic drape hypothesis), pelagic sedimentation is a 
dynamic process that can change spatial and temporally, as a result of sediment supply, 
topography, and deep-sea ocean currents. Thus, to comprehensively analyze sediment 
redistribution, it is necessary to correlate multidisciplinary methods to understand the link between 
site to region-wide sediment transportation processes. Based on our core-log-seismic integration 
at PEAT 7 and PEAT 8, we propose a thorough high resolution geophysical mapping investigation 
of coring sites prior to coring in which; preliminary seismic analysis is conducted to determine the 
expected sediment redistribution and to avoid areas prone to erosion (i.e., abyssal hills, channels, 
faults, etc.). 
Based on our results, we conclude:  
(1) The correlation of the degree of sediment focusing and the magnitude of MARs at our
study areas, suggests that in the equatorial Pacific the magnitude of sediment supply a
pelagic basin receives may play a key role in the style of sedimentation and redistribution
processes that may occur (i.e., pelagic drape vs basin fill) at a basin.
(2) The distinct topography observed at our study areas and corresponding focusing factors
suggest that if significant topographic variations (i.e., topographic highs, seamounts, etc.)
are present proximal to a basin, the topography will interact with abyssal tidal flow and
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stimulate lateral syndepositional sediment transport which may lead to enhanced sediment 
focusing. 
(3) The temporal and spatial assessment of the PEAT 7 and PEAT 8 areas seismic record
confirmed that a given location, the seafloor can experience different sediment
accumulation and redistribution processes (i.e., pelagic drape and basin fill) during distinct
time intervals.
(4) Our comparison of focusing factors and 230Th-derived focusing factors, further
demonstrates that both seismic and 230Th proxy methods can be used to determine accurate
sediment flux estimates. However, due to the temporal resolution of each method one needs
to use the method that provides insights of sedimentation processes occurring at the time
interval of interest.
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APPENDIX 
 
FIGURES AND TABLES 
 
Figure A-1. Site U1337 and U1338 time to depth model (blue) compared to the collected VSP 
(orange). 
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Figure A-2. Seismic lines 4-6 from the PEAT 7 seismic survey. 
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Figure A-3. Seismic lines 7-9 from the PEAT 7 seismic survey. 
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Figure A-4. Seismic lines 1-3 from the PEAT 8 seismic survey. 
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Figure A-5. Seismic lines 4-6 from the PEAT 8 seismic survey. 
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Figure A-6. (Top) Comparison of the Site U1338 CaCO3 wt % and density profiles, to identify 
major CaCO3 wt % and density peaks for Site U1338. (Bottom) Density ties used to create an age 
model for piston cores 5PC from the Site U1338 age model. 
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Table A-1. Acquisition and processing parameters for AMAT03 cruise site surveys 
Site Survey Name PEAT 7 PEAT8 
Survey Length ~ >200 km ~ >160 km 
Streamer 48-channel 4-channel 
Source Size 150 150 
Record Length 8 s 8 s 
Receiver Interval 12.5 m 50 m 
Source Interval 31 m 24.7 m 
Sampling Interval .5 ms .5 ms 
Processing 
Sequence 
FILTERED: Band pass filter 
30-250-500 Hz 
STACKED: with normal 
moveout 
MIGRATED: Iterative Stolt 
Migration 
constant 1500 m/s p-wave 
velocity assumed 
FILTERED: Band pass filter 
30-250-500 Hz 
STACKED: with normal 
moveout 
MIGRATED: Iterative Stolt 
Migration 
constant 1500 m/s p-wave 
velocity assumed 
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Table A-2. Site U1337 and U1338 Interval Velocities and Time to Depth Models 
 
 
U1337 
Depth 
(m) 
 
U1337 
Interval Velocity 
(m/s) 
U1337 
TVDSS 
(m) 
U1337 
TWTT 
(ms) 
U1338 
Depth 
(m) 
U1338 
Interval Velocity 
(m/s) 
U1338 
TVDSS 
(m) 
U1338 
TWTT 
(ms) 
0.00 1494.90 4472.00 5983.01 0.00 1497.60 4207.50 5618.99 
10.06 1579.16 4482.06 5995.75 10.06 1531.13 4217.56 5632.13 
20.12 1584.36 4492.12 6008.44 20.12 1551.10 4227.62 5645.10 
30.02 1598.93 4502.02 6020.84 30.02 1541.39 4237.52 5657.95 
40.08 1579.55 4512.08 6033.57 40.08 1552.98 4247.58 5670.91 
50.14 1594.92 4522.14 6046.18 50.14 1536.88 4257.64 5683.99 
60.05 1597.75 4532.05 6058.58 60.05 1519.61 4267.55 5697.03 
70.10 1584.20 4542.10 6071.28 70.10 1523.45 4277.60 5710.24 
80.01 1566.72 4552.01 6083.93 80.01 1531.73 4287.51 5723.17 
90.07 1571.51 4562.07 6096.73 90.07 1529.84 4297.57 5736.32 
100.13 1555.29 4572.13 6109.66 100.13 1534.86 4307.63 5749.43 
110.03 1561.13 4582.03 6122.35 110.03 1534.20 4317.53 5762.34 
120.09 1578.98 4592.09 6135.10 120.09 1557.24 4327.59 5775.26 
130.30 1567.27 4602.30 6148.12 130.15 1550.87 4337.65 5788.23 
140.06 1578.47 4612.06 6160.48 140.06 1541.74 4347.56 5801.08 
150.11 1568.69 4622.11 6173.31 150.11 1561.16 4357.61 5813.97 
160.02 1547.59 4632.02 6186.11 160.02 1560.30 4367.52 5826.66 
170.08 1548.37 4642.08 6199.10 170.08 1594.68 4377.58 5839.28 
180.14 1548.67 4652.14 6212.09 180.14 1590.87 4387.64 5851.92 
190.04 1545.16 4662.04 6224.91 190.04 1552.57 4397.54 5864.69 
200.10 1577.03 4672.10 6237.67 200.10 1556.88 4407.60 5877.61 
210.01 1588.78 4682.01 6250.14 210.01 1567.39 4417.51 5890.25 
220.07 1589.31 4692.07 6262.80 220.07 1558.16 4427.57 5903.16 
230.12 1604.20 4702.12 6275.34 230.12 1559.87 4437.62 5916.05 
240.03 1632.20 4712.03 6287.47 240.03 1605.42 4447.53 5928.40 
250.09 1721.29 4722.09 6299.16 250.09 1668.25 4457.59 5940.45 
260.15 1641.89 4732.15 6311.41 260.15 1686.47 4467.65 5952.38 
270.05 1700.08 4742.05 6323.07 270.05 1668.18 4477.55 5964.26 
280.11 1706.39 4752.11 6334.86 280.11 1681.63 4487.61 5976.22 
290.02 1715.36 4762.02 6346.41 290.02 1709.15 4497.52 5987.81 
300.08 1702.19 4772.08 6358.23 300.08 1737.38 4507.58 5999.39 
310.13 1776.73 4782.13 6369.55 310.13 1764.04 4517.63 6010.79 
320.04 1751.53 4792.04 6380.86 320.04 1768.14 4527.54 6022.00 
330.10 1748.17 4802.10 6392.37 330.10 1791.08 4537.60 6033.23 
340.00 1741.26 4812.00 6403.74 340.00 1772.59 4547.50 6044.41 
350.06 1709.83 4822.06 6415.51 350.06 1841.66 4557.56 6055.33 
360.12 1759.55 4832.12 6426.94 360.12 1881.99 4567.62 6066.02 
370.03 1814.31 4842.03 6437.86 370.03 1850.44 4577.53 6076.73 
380.09 1840.70 4852.09 6448.79 380.09 1824.06 4587.59 6087.76 
390.14 1902.80 4862.14 6459.36 390.14 1852.65 4597.64 6098.61 
400.05 1904.99 4872.05 6469.76 400.05 1873.98 4607.55 6109.19 
410.11 1927.40 4882.11 6480.20 410.11 1885.36 4617.61 6119.86 
420.01 1951.98 4892.01 6490.35 413.91 2082.23 4621.41 6123.51 
430.07 2060.20 4902.07 6500.11     
440.13 2091.04 4912.13 6509.73     
449.80 2499.81 4921.80 6517.47     
 
